Activation of Escherichia coli pyruvate oxidase enhances the oxidation of hydroxyethylthiamin pyrophosphate.
The catalytic efficiency (kcat/Km) of Escherichia coli flavin pyruvate oxidase can be stimulated 450-fold either by the addition of lipid activators or by limited proteolytic hydrolysis. Previous studies have shown that a functional lipid binding site is a mandatory prerequisite for the in vivo functioning of this enzyme (Grabau, C., and Cronan, J. E., Jr. (1986) Biochemistry 25, 3748-3751). The effect of activation on the transient state kinetics of partial reactions in the overall oxidative conversion of pyruvate to acetate and CO2 has now been examined. The rate of decarboxylation of pyruvate to form CO2 and hydroxyethylthiamin pyrophosphate for both activated and unactivated forms of the enzyme is identical within experimental error. The decarboxylation step was measured using substrate concentrations of the enzyme in the absence of an electron acceptor. The pseudo-first order rate constant for the decarboxylation step is 60-80 s-1. The rate of oxidation of hydroxyethylthiamin pyrophosphate and concomitant enzyme-bound flavin reduction was analyzed by stopped-flow methods utilizing synthetic hydroxyethylthiamin pyrophosphate. The pseudo-first order rate for this step with unactivated enzyme was 2.85 s-1 and increased 145-fold for lipid-activated enzyme to 413 s-1 and 61-fold for the proteolytically activated enzyme to 173 s-1. The analysis of a third reaction step, the reoxidation of enzyme-bound FADH, was also investigated by stopped-flow techniques utilizing ferricyanide as the electron acceptor. The rate of oxidation of enzyme.FADH is very fast for both unactivated (1041 s-1) and activated enzyme (645 s-1). The data indicate that the FAD reduction step is the rate-limiting step in the overall reaction for unactivated enzyme. Alternatively, the rate-limiting step in the overall reaction with the activated enzyme shifts to one of the partial steps in the decarboxylation reaction.